Background Synovial fluid aspiration is a routine practice used by most orthopaedic surgeons to aid in the diagnosis of joint infection. In patients for whom there is a low pretest probability of infection, a positive culture-particularly if it is a broth-only culture-may be considered a contaminant, especially if the bacterial species are skin pathogens. To our knowledge no study has evaluated the incidence of contamination of aspirations from the native knee. Questions/purposes What is the frequency of false-positive cultures among knee aspirations of the native knee? Methods Two hundred patients, with a total of 200 knees, with the diagnosis of degenerative osteoarthritis undergoing a total knee arthroplasty (TKA) were identified for this study. None of these patients had symptoms, signs, or laboratory studies to suggest the presence of joint infection; a positive culture in this population therefore would be considered contaminated. Thirty-two (16%) patients were excluded secondary to a dry aspiration. One patient was enrolled in the study but did not have the knee aspirated and another patient's specimen was accidentally discarded. Each knee was aspirated under sterile conditions before performing the TKA. The fluid was sent for cell count and culture. If insufficient fluid was obtained for both cell count and culture, culture was performed rather than cell count. Results There were no false-positive cultures (zero of 166 [0%]) in aspirations of native knees. Conclusions Our study would indicate that when done properly under sterile technique, cultures taken from knee arthrocentesis in patients without prosthetic joints should
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Introduction
Synovial fluid aspiration is a routine practice used by most orthopaedic surgeons to aid in the diagnosis of joint infection. A preoperative aspiration of the knee has been advocated as the most helpful study for the diagnosis or exclusion of infection in the setting of revision total knee arthroplasty (TKA) [4] . Recently, the Musculoskeletal Infection Society developed a consensus statement [16] addressing the definition and diagnosis of a periprosthetic joint infection (Table 1) . Two positive cultures (on two separate samples) are a major criterion and one positive culture qualifies as a minor criterion. Within the native knee setting, elevated white blood cell (WBC) count above 50,000 and/or a positive culture suggests a diagnosis of septic arthritis. In the absence of an elevated WBC count, a positive bacterial culture can produce a diagnostic dilemma. Should the clinician accept the culture result, reaspirate the joint, or consider the result to be falsely positive?
One concern is the potential for a false-positive aspiration secondary to contamination at the time of the arthrocentesis or in the microbiology laboratory. The incidence of false-positive intraoperative cultures in the setting of revision total hip and knee arthroplasty has a wide range of variability ranging from 4% to 96% [1, 2, 4, 9, 10, 18, 19] . In patients with low suspicion for infection and a low burden of bacteria discovered on culture, these findings may be considered a contaminant of the aspiration or culture process, especially if the bacterial species are skin pathogens. To our knowledge, the falsepositive incidence from a native knee aspiration in a large series has not been described.
Therefore, we asked: What is the frequency of falsepositive cultures among knee aspiration of the native knee?
Patients and Methods
Approval for this study was obtained from our institution's ethical committee. Informed consent was obtained from patients before participation in this study. We prospectively evaluated the synovial fluid of patients with the diagnosis of degenerative osteoarthritis undergoing a primary TKA from February to July 2015. Exclusion criteria included patients who were immunocompromised, had a history of inflammatory arthritis or autoimmune disease, a prior knee infection, or current major or minor illness. Two hundred patients were enrolled in this prospective study, yielding 200 knees. The mean age of the subjects was 66 years (range, 33-95 years), and 92 (46%) were men. Thirty-two (16%) patients were excluded secondary to a dry aspiration. One patient was enrolled in the study but did not have the knee aspirated, and another patient's specimen was accidentally discarded. This left 166 patients remaining who had adequate fluid for culture analysis. Of these 166 patients, 17 (10%) did not have a sufficient quantity for both culture and cell count; thus, culture only was obtained in these patients.
In the operating room, the knee was cleaned with chlorhexidine wipes and then sterilely prepped with Duraprep 1 (3M, St Paul, MN, USA) and allowed to dry. The surgeon performing the aspiration was sterilely gloved and gowned with body exhaust suits at the time of aspiration. Before application of the iodophor-impregnated drape, an 18-gauge spinal needle with a stylet was placed into the knee through the superior lateral parapatellar position, the stylet was removed, and then the knee was aspirated. Immediately after aspiration, synovial fluid was applied on a leukocyte esterase strip as part of a previous study [11] . The remaining fluid was sent for synovial fluid WBC count and culture. If only minimal fluid was available, culture was preferentially obtained over cell count and fluid analysis. The synovial fluid was plated in aerobic conditions on sheep agar, chocolate agar, and MacConkey agar plates, which were held at 35°to 37°C. The anaerobic conditions included a Brucella blood agar with kanamycin and Vancomycin, both held in an anaerobic pouch at 35°to 37°C. All cultures were held for 14 days. We then calculated the percentage of potential synovial fluid aspirate contamination in patients undergoing primary TKA. 
Results
In all 166 specimens, cultures were negative. There were no false-positives. The average synovial fluid cell count (148 specimens) for the patient population in this study was 306 (range, 24-5030). Of the 149 available samples that allowed for leukocyte esterase testing, there was one falsepositive. The synovial fluid WBC count was 290 and the culture remained negative without growth at 14 days in this patient.
Discussion
False-positive cultures from knee arthrocentesis in the setting of TKA have been described in previous studies [4, 19] . However, little is known about the incidence of potential contamination in the evaluation of native knee synovial fluid where the presumed pretest probability is approaching zero. We therefore conducted this study to determine the frequency of false-positive cultures among synovial fluid specimens of the native knee. Our results suggest in this patient population, when performed appropriately under sterile conditions, a positive culture should raise a strong suspicion of bacterial septic arthritis. The results should be interpreted in light of limitations. Because all aspirations and cultures were performed at one facility, the variance in false-positive rates between microbiology laboratories could not be tested or evaluated in this study. This limits the generalizability of these results to other laboratories. As a result of the fact that the total number of positive cultures was zero, rather than an unexpectedly high rate, the authors feel our results were accurate for this study population. The number of subjects enrolled is also a limiting factor of this study. False-negative aspirations in a native joint population have no historical rate; therefore, addressing this study's ability to avoid a type II error is difficult. If a presumed rate of falsenegative cultures on aspiration was 0.5%, then this study with its 166 specimens would be underpowered. To date, however, this remains the largest reported data set on culture results in native knee arthrocentesis. Lastly, we are unsure of the generalizability of these findings in patients with a TKA.
In an environment where the incidence of infection should be approaching zero, this study has shown that when done in a sterile environment, the probability of a false-positive culture in a synovial fluid aspiration of the native knee is rare. To our knowledge, this is the largest study population to demonstrate this finding in native knees. A positive specimen finding on culture should raise a strong suspicion of bacterial septic arthritis. Previous studies have reported false-positive joint aspirations rates between 4% and 96% [1, 2, 4, 9, 10, 18, 19] , but these studies were performed in a revision arthroplasty setting. Cultures that are positive as a result of common skin flora are more likely to be considered false-positives than more virulent and pathogenic organisms. Propionibacterium acnes is a common skin pathogen that is indicated as the cause of infection in open shoulder surgery [7, 8, 12] . Staphylococcus aureus and coagulase-negative Staphylococcus such as Staphylococcus epidermidis are both common skin flora but are also found in 55% to 70% of native and periprosthetic joint infections [13, 15] . Streptococcus species are also common skin flora but also rank second at 20% to 29% of native and periprosthetic joint infection pathogens [13, 15] . In this study we held all cultures for 14 days in an attempt to capture all organisms, particularly those of low virulence.
Various formulations can be used for surgical or procedure site skin preparation. Prior studies have revealed that alcohol-based solutions with emphasis on the use of chlorhexidine preparation shows a lower percentage of positive skin surface cultures [3, 5, 14, 17] . However, isopropyl alcohol has been shown to be the most important component with regard to surgical site skin preparation [5] . In this study, chlorhexidine was used to clean the leg before the sterile preparation with one alcohol-based solution, Duraprep
1 . An additional culprit in false-positive cultures could lie within the needle, because needles whether with and without a stylet have been shown to introduce skin plugs and even hair in the joint [6, 20] . This study was performed with an 18-gauge spinal needle with a stylet in place until the needle was in the knee.
The idea of a false-positive culture rests solely in an unexpected positive culture, usually of a skin flora pathogen, wherein other data available would suggest a diagnosis contrary to septic arthritis. Our findings suggest that the likelihood of false-positive cultures in aspirations of native knees performed under sterile conditions is exceedingly low, and a positive culture should raise a strong suspicion for septic arthritis. Additionally, we feel that liberal use of alcohol-based skin preparation may aid in reducing contamination during the process of arthrocentesis. Future studies should include a multicenter analysis to allow for more overall specimens lowering the risk of type II error and to explore the potential variance with laboratory error. Ideally specimens from patients with asymptomatic TKA would give a true false-positive rate in this patient population, but the risk of the potential introduction of a periprosthetic infection remains a concern.
